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AERODYNAMIC  RESULTS  OF  A SEPARATION  EFFECTS 
TEST  CONDUCTED  IN  THE  AEDC  40  x 40  INCH  TUNNEL  A 
FACILITY  ON  THE  ROCKWELL  INTERNATIONAL  LAUNCH 
CONFIGURATION  3 (MODEL  32-OTS)  INTEGRATED  VEHICLE 

(IA13) 

by 

J.  H.  Campbell,  II 

Rockwell  International  Space  Division 
ABSTRACT 

Experimental  aerodynamic  Investigations  were  conducted  from  July  5 
through  July  17,  1973,  in  the  AEDC/VKF  tunnel  A facility,  on  a 0.01  scale 
model  (Model  32-OTS)  of  the  Rockwell  International  launch  configuration  3 
Integrated  Vehicle  (excluding  the  left-hand  booster) . The  AEDC  captive 
trajectory  system  was  utilized  in  conjunction  with  the  tunnel  primary 
sector  to  obtain  "grid-type"  data  for  tank  (ET)  abort  from  the  Orbiter 
(SSV) , and  for  nominal  separation  of  one  Booster  (SRB)  from  the  Orbiter- 
Tank  combination.  Booster  separation  was  investigated  with  and  without 
separation  motors  plume  simulation.  The  plumes  were  generated  by  eight 
Mj  = 2.15  nozzles  using  a 1500  psia  cold  air  supply. 

Free  stream  data  were  obtained  for  all  models  (orbiter,  tank, 
orbiter-tank,  and  right-hand  booster)  to  provide  baselines  for  evaluation 
of  proximity  effects. 


ill 


The  entire  investigation  was  conducted  at  a nofnlpal  free  stream  Mach 
noEiber  of  4.5  and  at  Reynolds  number  per  foot  ranging  from  approximately 
7.0  X 10^  to  6.6  X 10®. 

This  report  is  published  in  three  volumes.  Volume  I contains  data 
figures  through  page  894.  Volume  II  contains  the  remaining  data  figures 
and  the  appendix  (tabulated  source  data)  is  found  in  Volume  III. 
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NOMENCLATURE  (Continued) 

SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

s„ 

SREF 

reference  wing  area;  ft^ 

CPS 

captive  trajectory  system 

Pbl/f- 

PBl/P 

number  one  base  pressure  ratio 

Pb2/P« 

PB2/P 

number  two  base  pressure  ratio 

Pj/p. 

PC/P 

sting/balance  cavity  pressure  ratio 

Pbl 

PBl 

nund>er  one  base  pressure;  psia 

CM 

JQ 

PB2 

number  two  base  pressure;  psia 

Pc 

PC 

SRB  separation  nozzle  chamber  pressure;  psia 

p« 

P 

freestream  static  pressure,  psia 

Pt« 

PTOTAL 

freestream  total  pressure,  psia 

Cp 

Pbl 

CPBl 

number  one  orblter  base  pressure  coefficient, 
(PbJ  ” Poo)/<l«o 

^Pt  - 

%J4m 

CPB2 

number  two  orbiter  base  pressure  coefficient, 
(Pb2  ~ Po»)/<l«* 

CPc 

CPC 

sting  balance  cavity  pressure  coefficient,  ji, 

(Pg  ” P»)/<l«o 

K/i 

RN/L 

freestream  unit  Reynolds  number  x 10  per  foot 

*ref 

LREF 

9REF 

reference  dimension  used  to  reduce  the  measured 
balance  moment  data  to  coefficient  form,  orbiter 
model  body  length,  inches 

AILRDN 

aileron  deflection;  degrees 

«• 

ELEVTR 

eleven  deflection;  degrees 
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NOMENCLATURE  (Continued) 

SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

6r 

RUDDER 

rudder  deflection;  degrees 

Aa 

PALPHA 

parameter  name  for  nominal  angle  of  attack 
difference,  (Ao  = Ogj^g  - Oq^)  or  (Ao  * - “q)  ; 

iegrees 

A6 

DBETA 

parameter  name  for  nominal  angle  of  sideslip 
difference,  (A3  = - ^0/T^  * ®ET  ^ * 

degrees 

“O/T 

ALPHA 

orbiter  tank  angle  of  attack.  All  source  data  are 
presented  as  a function  of  oq/j,  except  for  isolated 
tests  and  those  where  the  tanx  is  separating  from 
the  orbiter;  degrees 

“SRB  * “O/T 

«0 

ALPHA 

orbiter  angle  of  attack.  Source  data  are  presented 
as  a function  of  Oq  for  isolated  tests  and  those 
where  the  tank  is  separating  from  the  orbiter; 
degrees 

“et  ® °o 

“et 

ALPHA 

external  tank  angle  of  attack.  Source  data  are 
presented  as  a function  of  OgY*  tests  of 

the  Isolated  external  tank,  degrees 

“SRB 

ALPHA 

solid  rocket  booster  angle  of  attack,  source  data 
are  presented  as  a function  of  oigRB’ 
tests  of  the  Isolated  SRB,  degrees 

3q/T 

BETA 

orbiter  tank  angle  of  sideslip.  All  source  data 
are  presented  as  a function  of  Sq/T  except  for 
Isolated  tests  and  those  where  the  tank  is  separ- 
rating  from  the  orbiter;  degrees 

3sRB  “ ^0/T 

®0 

BETA 

orbiter  angle  of  sideslip.  Source  data  are 
presented  as  a function  of  8q  for  isolated  tests 
and  those  where  the  tank  is  separating  from  the 
orbiter;  degrees 
Bet  ■ Bq 
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NOMENCLATURE  (Concluded) 

SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

8et 

BETA 

external  tank  angle  of  sideslip.  Source  data 
are  presented  as  a function  of  Bgi.,  only,  for 
tests  of  the  Isolated  external  tank,  degre.'S 

®SRB 

BETA 

solid  rocket  booster  angle  of  sideslip.  Source 
data  are  presented  as  a function  of  83^3,  only, 
for  tests  of  the  isolated  SRB,  degrees 

^SB 

SPDBRK 

speed  brake  flare  angle,  degrees 

c.g. 

center  of  gravity 

Tt«  • 

TTOTL 

freestream  total  temperature;  °R 

T« 

T 

freestream  static  temperature;  °R 

AX 

X 

separation  distance  measured  along  the  longitudinal 
X axis;  Inches.  See  figures  2d  and  2e 

XMRP 

X station  of  the  moment  reference  center;  Inches. 
See  figures  2b  and  2c 

AY 

Y 

separation  distance  measured  along  the  lateral, 
Y axis;  inches.  See  figures  2d  and  2e. 

YMRP 

Y station  of  the  moment  reference  center;  Inches. 
See  figures  2b  and  2c. 

ZMRP 

Z station  of  the  moment  reference  center;  inches. 
See  figures  2b  and  2c. 

AZ 

Z 

separation  distance  measured  along  the  vertical 
Z axis;  inches.  See  figures  2d  and  2e. 

I 


i 

I 

I. 

% 

•V'; 

I 


8 


1 


INTRODUCTION 
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The  NASA  Space  Shuttle  Integrated  Vehicle  (SSV)  Is  comprised  of  four 
components:  an  orblter  (0),  an  external  fuel  tank  (ET)  for  the  orbiter, 

and -two  solid  rocket  boosters  (SRB's).  During  the  ascent  phase  of  the 
SSV  the  ET  and  SRB's  arc  separated  from  the  orbiter,  and  return  to  earth* 
In  order  to  assure  clean  separation  of  the  ET  and  the  SRB's  from  the  orbi- 
ter it  is  necessary  to  know  the  aerodynamic  forces  acting  on  these  com- 
ponents, and  the  orblter,  during  the  separation  procedure.  This  test  was 
conducted  to  determine  the  interacting  aerodynamic  effects  for  two  situ- 
ations: 1)  nominal  abort  of  the  SRB  from  the  orbiter /external  tank  com- 

bination and  2)  emergency  abort  of  the  external  tank  from  the  orbiter. 

Data  were  obtained  at  a freestream  Mach  number  of  A. 5 with  Reynolds 
number  varying  from  7.0  x 10^  to  6.6  x 10^  per  foot.  The  SRB  has  small 
rocket  motors  which  are  utilized  to  assure  positive  separation.  During 
these  tests  motor  operation  was  simulated  by  using  cold  air  jets  and  data 
were  recorded  with  and  without  these  motor  plume  simulations. 

The  Isolated  vehicle  components  were  tested  over  an  angle  of  attack 
and  sideslip  range  as  shown  below: 


Vehicle  Component a Range B Values 


Orbiter 

-10“ 

to 

30“ 

0", 

5“,  10 

External  Tank 

O 

O 

to 

10“ 

0% 

5“ 

Orbiter/External  Tank 

-10“ 

to 

30“ 

5“ 

Solid  Rocket  Booster 

-30“ 

to 

15“ 

-10“ 

, 0“,  5' 

o 

O 

CM 

, 30“ 
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INTRODUCTION  (Continued) 
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In  order  to  examine  the  interacting  flow  field  effects  during  the 
two  abort  situations,  the  separating  component  was  held  at  attitudes 
relative  to  the  parent  configuration  and  moved  to  various  field  positions 
to  record  aerodynamic  data.  The  relative  attitudes  tested  were: 

Vehicle  Component Aa  Range Ag  Values 

External  Tank  -30°  to  5°  0°,  ±5° 

Solid  Rocket  Booster  -20°  to  5°  0°,  ±5°,  -10  , -20° 

where  for  external  tank  Aa  * (og'j  - “ (BeT  ” ®0^  solid 

rocket  booster  Ao  * (<^SRB  ~ “0/ET^»  “ ^^SRB  “ ^O/ET^  * 

The  vertical  (Z) , longitudinal  (X)  and  lateral  (Y)  separation  dis- 
tance .anges  were: 

Vehicle  Component X-Inches ( f . a . ) Y-Inches(f .s.)  Z-lnches(f .s.) 

External  "^ank  0 to  1200  -200  to  200  0 to  1300 

Solid  Rocket  Booster  0 to  1600  0 to  800  0 to  100 

where  for  the  external  tank,  X,  Y,  and  Z - 0 when  the  ET  nose  is  in  the 
mated  position  with  respect  to  the  orblter.  (See  figure  2d.)  For  the 
SRB,  X,  Y,  and  Z - 0 when  the  SRB  nose  is  in  the  mated  position  with 
respect  to  the  Orblter/External  Tank.  (See  figure  2e.) 

During  SRB  separation  testing  (see  figure  2e.)  the  external  tank 
was  rigidly  attached  to  the  orbiter,  which  was  supported  inverted  on  the 
tunnel  primary  sector.  The  booster  was  supported  on  the  CTS  via  a flow- 
through balance  and  sting. 

During  external  tank  separation  testing  (see  figure  2d.)|  the 
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INTRODUCTION  (Concluded) 


orbiter  was  supported  inverted  on  the  primary  sector  and  the  ET  was  sup- 
ported on  the  CTS. 

No  base  or  cavity  pressure  taps  were  built  into  the  models.  To  ob- 
tain these  pressures  (two  base,  one  cavity  per  model),  hardline  tubing 
was  routed  to  the  vicinity  of  the  model  bases  and  bent  into  areas  where 
pressures  were  desired. 

As  an  aid  in  clarifying  the  interdependence  of  the  test  configuration 
with  the  tabulated  source  data  in  the  Appendix,  the  following  array  is  a 
necessary  adjunct  to  the  Run  Summary  Schedule  of  Table  II. 


DATASET 

RTJOOl 

through 

RTJ099 

RTJTOl 

through 

RTJT99 


BALANCE  TEST  CONFIGURATION 


Orbiter 


Tank 


)Tank  Separating  From  Orbiter 


APPENDIX 
PAGE  NUMBER 

1 

89 

90 
178 


RTJlOO 

through 

RTJ283 

RTJ300 

through 

RTJ483 

RTJ500  ) 
RTJ501  ) 

RTJ502 

through 

RTJ507 

RTJ508 

RTJ509 

RTJ510 
through ' 
RTJ536 


Orbiter  Tank 


SRB 


>SRB  Separating  From  Orbiter  Tank 


Tank 


Orbiter 


Orbiter  Tank 


/Isolated 


SRB 


179 

361 

362 

543 

543 

544 

545 

550 

551 

552 

553 
565 
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CONFIGURATIONS  INVESTIGATED 


The  0.01-scale  32-OTS  models  consists  of  an  orbiter,  tank,  and  one 
booster  (with  metric  high-pressure  separation  thrusters,  fore  and  aft). 
See  figures  2b  and  2c. 

The  configuration  of  each  vehicle  component  tested  is  given  below. 
Pertinent  dimensional  data  for  these  model  components  may  be  found  in 
Table  III. 

Orbiter  09  ~ (BjgC^FjM^)  ^^107^23^  ^^7^5^  where; 

Component  Definition 

Bi9  Fuselage  per  Rockwell  line  VL70-000139B . 

(Model  drawing  SS-A00062) 

Cj  Canopy  per  Rockwell  Lines  VL70-000139B . 

(Model  drawing  SS-A00062) 

E23  Elevons  per  Rockwell  lines  VL70-000139B. 

(Model  drawing  SS-A00109) 

F5  Body  flap  per  Rockwell  lines  VL70-000139B. 

(Model  drawing  SS-A00062) 

M^  Orbital  Maneuvering  System  per  Rockwell  lines 

VL70-000139B.  (Model  drawing  SS-A00062) 

R5  Rudder  per  Rockwell  lines  VL70-000139B  and 

VL 70-000095.  (Model  drawing  SS-A00062) 

Vy  Vertical  tall  per  Rockwell  lines  VL70-000139B  and 

VL70-000095.  (Model  drawing  SS-A00062) 

Wj^Qy  Wing  per  Rockwell  lines  VL70-000130B. 

(Model  drawing  SS-A00109) 

The  external  tank  (Tjq)  Is  not  broken  down  into  subassemblies  and 
was  constructed  to  Rockwell  lines  VL72-000088  and  VL78-000041  (Model 


Drawing  SS-A-00108). 


CONFIGURATIONS  INVESTIGATED 
(Concluded) 


The  solid  rocket  booster  (Sg)  is  not  broken  down  into  subassemblies 
and  was  constructed  to  Rockwell  lines  VL72-000088  and  VL77-000036  (Model 
Drawing  SS-A-00113). 


TEST  FACILITY  DESCRIPTION 


The  AEDC  von  Karman  Facility  (VKF)  Tunnel  A is  a continuous,  closed- 
circuit,  variable  density  wind  tunnel  with  an  automatically  driven  flex- 
ible-plate-type nozzle  and  a 40-  by  40-in.  test  section  (see  Figure  3). 

The  tunnel  can  be  operated  at  Mach  numbers  from  1.5  to  6 at  maximum  stag- 
nation pressures  from  29  to  200  psia,  respectively,  and  stagnation  temper- 
atures up  to  750*^R  (M  * 6).  Minimum  operating  pressures  range  from  about 
one-tenth  to  one-twentieth  of  the  maximum  at  each  Mach  number.  A descrip- 
tion of  the  tunnel  and  airflow  calibration  information  may  be  found  in 
the  Test  Facilities  Handbook*. 


Test  Facilities  Handbook  (Ninth  Edition) . "von  Karman  Gas  Dynamics 


Facility,  Vol.  3",  Arnold  Engineering  Development  Center,  July  1971. 


DATA  REDUCTION 


Six -component  aeroaynamic  force  and  moment  data  were  recorded  for 
the  Orbiler, External  Tank,  and  Orbiter/ET,  Four- component  for-e  and  luoment 
data  '/ere  recorded  for  the  SRB.  Thrust  loads  generated  by  the  SRB  separa- 
tion motors  were  treated  as  tares  and  were  subtracted  from  balance  recorded 
loads  before  computing  coef t i cients.  For  Orbiter  freestream  and  ET  abort 
testing,  the  Orbiter  was  mounted  on  the  AI'DC  0.85-inch  4 . OO-Y-36-037 
balance.  Fur  ET  freestream  and  ET  abort,  the  ET  was  mounted  on  the  AEDC 
0.85-inch  4 .OO-H-36-049  balance.  For  SRB  separation,  the  Orbiter/ET  was 
mounted  on  the  4.00-Y-36-049  balance.  For  SRB  freestream  and  separation, 
the  SRB  was  mounted  on  the  Rockwell  0.625-inch  4 . OO-H-34-065  flow-through 
balance. 

All  force  and  moment  data  were  reduced  to  coefficient  form  in  the 
body  axis  system.  Base  and  balance  cavity  pressures  were  re;  orded.  How- 
ever, no  pressure  adjustments  were  made  to  the  force  and  moment  data*  All 
coefficients  are  based  on  the  following  reference  dimensions. 

^REF  orbiter  wing  reference  area  = 0.269  ft- 
^REF  “ ^REF  ” orbiter  body  length  = 12.903  inche* 

Moments  are  about  the  following  reference  c.g.  locutitms: 

Orbiter  (Isolated  and  with  ET  separating): 

XMRP  = 8.516  inches  aft  of  orbiter  nose  (see  figure  2c) 

ZMRP  = 4.0  (fuselage  reference  line  4.0) 

External  Tank  (Isolated  and  while  separating  from  orbiter): 

XMRP  = 10.94  inches  aft  of  ET  nose  (see  t igiire  2c 
ZMRP  » 0.0  (tank  centerline) 


i 


Orbiter/ET  (Isolated  and  with  SRB  separating) 

XMRP  = 7.43  Inches  aft  of  EX  nose 

(see  figure  2b) 

ZMRP  = 0.47  inches  above  ET  centerline 
SRB  (Isolated  and  while  separating  from  Orbiter/ET) 

XMRP  = 9.67  inches  aft  of  SRB  nose  (see  figure  2b  ) 

ZMRP  = 0.0  (SRB  centerline) 
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CAPACITY; 


ACCURACY: 


NF 

^l5o\ 

*700 

A/J5 

*2:^1 

*0.^ 

*0.25 

SF 

*75 

ilOO 

*100 

*A45 

*9.3 

*0.2 

AF 

*25 

dSfi 

- 

*0.? 

PM 

430C 

*7  to 

*J60 

*0.5 

*1.0 
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TABLE  III.  MODEL  DIMENSIONAL  DATA 

MODEL  COMPONENT:  BODY  

GENERAL  DESCRIPTION:  Conflpuratlon  3 lightweight  Orblter  ftiselape 


Model  Scale  = 0.010 

Model  Dra^/inp  Ko.  SS-A00062 

DRAWING  NUMBER:  VL7O-OOO13<30 

DIMENSIONS: 

FULL-SCALE 

MODEL  SCALE 

Length  ..-in. 

. 1290.3 

_ 12.903 

Max.  Widths  in.  (Q  X.  «=  1528.3  in.) 

267.6 

_ 2A76 

Max.  Depth-«ir.  (©  X « 1480.52  in.) 

. 244.5 

...  2-445 

0 

« Fineness  Ratio 

L.BLL 

4-846 

Area  ~ ft? 

Max.  Cross-Sectional  (Q  X.  = 1480.52  i«.l  386.6? 

0.03867 

Planform 

Wetted 

Base 

• 

•*  Fineness  Ratio  is  the  fuselage  length  divided  by  the  equivalent 
diameter  for  the  maximum  cross-sectional  area. 


TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 


MODEL  COMPONENT:  _ 

CAnoB7lQ2l_  

GENERAL  DESCRIPTION; 

Configuration  3 lightweight  Orbiter  Canopy 

Model  Scale  « O.OIQ 

Mbdel  Drawing  No.  SS-A00062 

DRAWING  NUMBER 

VL70-000139B 

DIMENSION: 

FULL  SCALE  MODEL  SCALE 

Length  (Xq  « 433  IN.  to  So  * 670  IN. ) 237 2.370 

Mok  Width  _________  ______ 

Mox  Depth  ► ' ______ 

Fineness  Ratio  , ________ 

Area 


Max  Cross-Sectional 
PIqnform 

Wetted 


TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 
I MODEL  COMPONENT:  S^^on  fEo-a)  


GENERAL  DESCRIPTION:  Configuration  3 lightweight  orblter  elevens 

Data  for  (l)  of  (2)  sides 


Model  Scale  » 0.030  Model  Drawing  No. 

SS-A00109 

DRAWING  NUMBER:  VL70-000139E 

DIMENSIONS: 

FULL-SCALE 

MODEL  SCALE 

Area  ~ 

CM 

s 

CM 

0.02055 

Span  (equ1va1ent)~in. 

-^33.34 

3.5334 

Inb'd  equivalent  chord -in. 

1U.78 

-1^3478 

Outb'd  equivalent  chord—  in. 

- 55,00 

P.550 

Ratio  movable  surface  chord/ 
total  surface  chord 

At  Inb'd  equiv.  chord 

0.208 

0.203 

At  Outb'd  equiv.  chord 

0,400 

0.400 

Sweep  Back  Angles,  deg 

Leading  Edge 

0.00 

0.00 

Tailing  Edge 

-10.24 

--1Q.24 

Htngeline 

0.00 

0.00 

Area  Moment  (Normal  to  hinge  line)— ft^ 

1548.07 

Q-QQ155 

i • 
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TABLE  III.  MODEl  DIMENSIONAL  DATA  (CONTINUED) 


li 


MODEL  COMPONENT:  Body  Flap  (Fc) 

GENERAL  DESCRIPTION:  Confleuratlon  3 lightweight  orblter  body  flap 


Model  Scale  » 0.010 Model  Dravdjig  Ko.  SS-A(X)062 

DRAVfiNG  NUMBER  VL70»(XX)139P 


DIMENSION: 

Length  .-in. 

Max  Width  .-in. 

Max  Depth 
Fineness  Ratio 
Area^ft,^ 

Max  Cross* Sectional 
Pionform 

Wetted 

Bose 


FULL  SCALE 

B4.70 

267,6 


U2.5195 

38.0956 


MODEL  SCALE 

0,8470 

2,6760 


0.01425195 


0.00380958 


( 


» 
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TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 
MODEL  COMPONENT:  QMS  Pod  (M,.)  


GENERAL  DESCRIPTION:  Configuration  3 lightweight  Orblter  Orbital 

^knueverlng  System  Pod. 


itodel  Scale  « 0»010 

DRAWING  NUMBER 

DIMENSION: 

Lengtlvvln, 

Mox  Vyidth-**!!!, 

Mox  Depth~in, 

Fineness  Ratio 
Areo 

Max  Cross-Sectional 

Plonform 

Wetted 

Base 


Model  Dra\^lng  Ko.  SS-A00062 

VL70-000139B 

FULL  SCALE 
346.0 

loe.o 

U3.0 


MODEL  SCALE 
3.460 

i.oeo 

1.13 


TABLE 

III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 

MODEL  COMPONENT:  

Rudder  (Ri5) 

GENERAL  DESCRIPTION: 

.Configuration  3 liehtweicht  Orblter 

Model  Scale  = 0.010 

Model  Drawlr.ff  Ko.  SS-ACXX)62 

VL7Ci^0003393 

DRAWING  NlfflBER;  VL70~000095 


DIMENSIONS: 

FULL-SCALE 

MODEL  SCAL 

Area~ft.2 

106.33 

0.010638 

Span  (equ1va1ent)~in. 

201.0 

2.X)10 

Inb'd  equivalent  chord>^in. 

91.585 

0.91585 

Outb'd  equivalent  chord~in. 

50.833 

0.50833 

Ratio  movable  surface  chord/ 
total  surface  chord 

At  Inb'd  equiv.  chord 

0.400 

0.400 

At  Outb'd  equiv.  chord 

0.400 

0.400 

Sweep  Back  Angles*  deg* 

Leading  Edge 

34.83 

34.83 

Tailing  Edge 

26.25 

26.25 

Hingeline 

34.83 

34.83 

Area  Moment  (Normal  to  hinge  11ne)-ft^ 

526.13 

0.00053 

) 

■fi 

\ 


L 
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TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 

MODEL  COMPONENT:  VERTICAL  TATt.  (7^^ 

j GENERAL  DESCRIPTION: 

' — double  wedpe  airfoil  sections  vdth  I’ounded  leadlrg  edre. 


Model  Scale  = Q.QIQ 
DRAWING  NUMBER: 
DIMENSIONS; 

TOTAL  DATA 


Model  Dra-rfirr  Ko.  SS-A0006? 

VL70-000139  B “ 

_VL70-^9S. 

FULL-SCALE 


Area  (Theo)~ft^ 

Planform 
Span  (Theo)-in. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Sweep  Back  Angles~deg. 

Leading  Edge 
Trailing  Edge 
0.25. Element  Line 
Chords : 

Root  (Theo)  WP 
Tip  (Theo)  WP 
MAC 

Fus.  Sta.  of  ,25  MAC 
W.  P.  of  .25  MAC 
B.  L.  of  .25  MAC 
Airfoil  Section 

Leading  Wedge  Angle  —deg. 
Trailing  Wedge  Angle  — deg. 
Leading  E(^e  Radius  —in. 
Void  Area  - 
Blanketed  Area-Tt^ 


413.25 

g..^75... 

.a.jP7. .. 

. .hOU 

A5,000 

26.2L9 

jl.430 

268.50 
108. A7 
199.61 
-1463.50 
^-^22 
0.00 


jSLsm. 

12.^7 


MODEL  SCALE 


0.04132 

TI572 

^07 

4iQ4 


15.000 

26.2A9 

A1.-.130 

2.6850 

x-mi 

1.9981 

JL4,^}50 

6.35522 

0.00 


10.000 

-XuW.. 

0.0013 

0.0012' 
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TABLE  III.  MODEL  DIMENSIONAL  !>ATA  (CONTINUED) 

MODEL  COMPONENT;  WING 

GENERAL  OESCRIPTIONt__jCOTfigu2i^.n  3 lightweight  Orbiter  wing 


Model  Scale  = 0.010 

Model  Drawing  I'o.  SS-A00109 

DWG.  NO.  VL70-000139B 

DIMENSIONS: 

FULL-SCALE  MODEL  SCALE 

TOT^  DATA 

Area  ITheo . ) ~f  t^ 

Planform 
Span  (Theo)  in. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Dihedral  Angle,  deg.  t.3.  of  Eleven) 
Incidence  Angle,  deg. 

Aerodynamic  Twist,  dag. 

Sweep  Back  Angles,  <ieg. 

Leading  Edge 
Trailing  Edge 
0,25  Element  Line 
CliOrds:~  in. 

Root  (Theo)  B.P.O.O. 

Tip,  (Theo)  B.P. 

MAC 

Fus,  Sta,  of  ,25  MAC 
W.P.  of  .25  MAC 
B.L.  of  .25  MAC 
EXPOSED  DATA 

Area  (Theo)  ~ ft^ 

Span,  (Theo)~  in.  (Prom  B.P.  106  in.) 
Aspect  Ratio 
Taper  Ratio 
Chords:  ~ in. 

Root  (®  B.P.  108) 

Tip 

MAC 

Fus.  Sta.  of  .25  MAC 
W.P.  of  .25  MAC 
B.L.  of  .25  MAC 

Airfoil  Section  (Rockwell  Mod  NASA) 
XXXX*64 

Root  I ■ 9 199  to  KAXA  0010 

Tip  I - 


Luir,. 

0.200 

2xS22L 

2*520. 

-l-l.OOO 

LS.OOO 

35.209 

JS2*2L_ 

luEIEI 

-222*ai- 


1752.29 
~ 75q.68 

0.2451 

562.40 

393.03 

300.20 


9.3Ue 

-X.17? 

0.200 

3.500 

0. 5X 
-1-3.000 

A5.000 

35.209 

^♦^924 

1.3785 

31.3539 

2.P920 

1. g213 

w 

HSHZ 

~0.24^i 


5.6240 

XML 


3.0303 

3.v"02C 


2-S176 


0fl2 


Data  for  (1)  of  (2)  Sides 
Leading  Edge  Cuff  , 

Planform  Area  - 

Leading  Edge  Intersects  Fus  N,  L«  I Sta 
Leading  Edge  Intersects  Wing  • Sta 


gpo  <.rn 

Kfi3j  10.P34 


TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 
MODEL  COMPONENT:  External  Tank  (Tin) 


GENERAL  DESCRIPTION:  Configuration  3 External  Oxygen  Hydrogen  Tark 


Model  Scale  *=  0.010 

Model  Dravdnn  ^'o.  SS-A00108 

DRAWING  NUMBER 

VL72-000088 

VL78-000041 

DIMENSION; 

FULL  SCALE 

MODEL  SCALE 

Length^in. 

1865 

38.65 

Max  Dianeter^ln. 

324 

3.24 

Mox  Depth 

Fineness  Rotio  (Length/ffex.  Dla.)  5.75617 

5.T5617 

o 

Areo— ft 

Max  Cross-Sectionol 

572.555 

0.05726 

Max  Cross-Sectionol 

Planform 

Wetted 


TABLE  III. 

MODEL  DIMENSIONAL  DATA  (CONCLUDED) 

MODEL  COMPONENT:  _ 

Booster  (S») 

GENERAL  DESCRIPTION: 

Configuration  3 Booster  Solid  Rocket  Motor 

Data  for  1 of  2 Boosters 

Model  Scale  0.010 

Modal  Dravdnc  No.  SSA-00113 

VL72-000C88 

DRAWING  NUMBER  VL77-000036. 

DIMENSION: 

FULL  SCALE 

MODEL  SCALE 

Length  (Includes  Nozzle)~ln. 

17*110 

Mok  Width  (Tank  Dia.)~in. 

1A2.0 

1-120 

Mox  Dia,  (Max.  Nozzle  Shroud  Dia.).win. 

205^ 

^-050 

* Fineness  Ratio 

8.49268 

8.49263 

Areo~ft^ 

Max  Cross-Sectional  (Nozzle  Shroud) 

229J2J. 

0.02292 

Plonforrr 

Wetted 

Base 

* Length  divided  by  nozzle  shroud  diameter. 


Positive  directions  of  force  coefficii 


Integra 


!ns 


Model  32-OTS  Orblter  and  Tank  Configuration 
Figure  2.  - Continued 


Tank  Separation  from  Orblter 
Figure  2,  - Continued 


0 iihen  Booster  nose  is  in  its  snted  position 


Booster  Separation  from  Orbiter/Tank 
Figure  2.  • Continued 


32-OTS  Booster  Model  Forward  Thruster  Nozzle  Block 
Figure  2*  - Continued 


Booster  Model  Aft  Thruster  Nozzle  Block 
Figure  2.  - Continued 


32-OTS  Orbiter/Tank  Aft  Attachment 


Volume  Description 

I Data  Figures  (pages  1 through  89A) 

II  Data  Figures  (pages  895  through  1498) 

III  Tabulated  Source  Data 


DATA  FIGURES 
VOLUME  II 
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AERODYNAMIC  CHARACTER I ST  ICS 


UHES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AERODYNAHIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


SRB  W/0  PLUMES  AERROYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  GRB/ET 


AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/E T 


SRB  W/0  PLUMES  AEReOYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


IA13  SR8CS8)  W/0  PLUMES  SEPARATING  FROM  09T10  CRTJ323) 


4 


NO 


SRB  W/0  PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  0R8/ET 


SR3  W/0  PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  0R8/ET 


SR8  W/0  aUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  0RB/ET 


V130O 


AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


IA13  SRBCS8)  W/0  PLUMES  SEPARATING  FROM  09T10  (RTJ326) 


SRB  W/0  aUHES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  0R8/ET 


IA13  SRBCS8)  W/0  PLUMES  SEPARATING  FROM  09T10 


SRB  W/0  PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AERODYNAMIC  CHARACTERISTICS 


^EROOYN^mC  CHARACTERISTICS  DURING  SEPARATION  FROM  0R8/ET 


AEROOYNAmC  CHARACTERISTICS  DURING  SEPARATION  FROM  0R8/ET 


A13  SR8CS8)  w/0  PLUMES  SEPARAT1N6  FROM  09T10  CRTJ329) 


AERCDVN-'HIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AEROOrNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  PROM  0R8/ET 


• •• 


AEROCYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AERCOYNAMIC  CHARACTERISTICS  CURING  SEPARATION  FROM  ORB/ET 


IA13  SRBCS83  W/0  PLUMES  SEPARATING  FROM  09T10  (RTJ332) 


AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AEROOYNAMIC  CHARACTERISTICS  CURING  SEPARATION  FROM  ORB/ET 


IA13  SRBCS8D  W/0  PLUMES  SEPARATING  FROM  09T10  CRTJ3353 


AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AERODYNAMIC  CHARACTERISTICS 


AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  0R9/ET 
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W/PLUMES  SEPARATION 


W/aUHES  SEPARATION 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUHES  SEPARATION 


30N3!s3J3 
vxvo  031V 


W/PLUMES  SEPARATION 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


IA13.SRBCS85WITH  PLUMES  SEPARATING  FROM  09T10  (RTJ235) 


W/PLUHES  SEPARATION 


SR8CS8)WITH  plumes  SEPARATING  FROM  09T10  (RTJ235D 

PARAMETRIC  values 


i I 


I * m 
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I 

SEPARATION  ON  0RB/ET  AEROOYNAHIC  CHARACl ERISTICS 
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W/PLUHES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


IA13»SRBCS8)WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ236) 


100  1000 


K/PLUNES  SEPARATION  ON  OR8/ET  AERODYNAMIC  CHARACTERISTICS 


W/auHES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


K/PLUHES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


IA13 


SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PAGE  1195 


IA13.SRBCS85WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ2373 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


EFFECT  3F  SRB  W/PLUMES  SEPARATION  ON  0R8/ET  AERODYNAMIC  CHARACTERISTICS 

PAGI 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


IA13.SRBCS8)WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ239) 


600  800  1000 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUHES  SEPARATION  ON  0R8/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


K/PLUHES  SEPARATION 


IA13.SRBCS8DWITH  PLUhES  SEPARATING  FROM  09T10  CRTJ241) 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


999 


W/PLUMES  SEPARATION  ON  ORS/ET  AERODYNAMIC  CHARACTERISTICS 


V/PLUHES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  ON  0R8/ET  AERODYNAMIC  CHARACTERISTICS 


AGE  1211 


I>'3.S«8CS8)WITM  plumes  SEPARATIN6  FROM  33T10  CRIJ243) 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PAGE 


I A13.SRrCS8)WlTH  PLUMES  SEPARATING  FROM  09T10  CRTJ243) 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


ES  SEPARATING  FROM  09T10  CRTJ244) 


AERODYNAMIC  CHARACTERISTICS 

PAG( 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PAGE 


DATA 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUHES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PAGE  1223 


SRBtS8)WITH  PLUMES  SEPARATING  FROM  OSTIO  CRTJ247) 


W/PLUNES  SEPARATION  ON  0R8/ET  AEROOVNAHIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PAGE  1 225 


IA13.SRBtS8)KITH  plumes  SEPARATING  PROM  09T10  CRTJ247) 


W/PLUMES  SEPARATION 


W/aUMES  SEPARATION 


IA13.SRBCS8)WITH  plumes  separating  from  09T10 


ODO< 


Linn 


13.SR8CS83WITH  PLUMES  SEPARATING  FROM  09T10 


EFFECT  OF  V/PiUMES  SEP^RMW  OM  URB/V  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


3.SRBCS8DW1TH  PLUMES  SEPARATING  FROM  09T10  CRTJ2493 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


IA13.SRBCS8)WITH  plumes  SEPARATING  f^^ROM  09T10  (RTJ250) 


ooo< 


SRBCS83WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ250D 


K/aUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  0N  0R8/ET  AEROOYNAHIC  CHARACTERISTICS 


IA13.SRBCS0DWITH  PLUMES  SEPARATING  FROM  09T10  CRTJ251D 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  ON  0R8/ET  AERODYNAMIC  CHARACTERISTICS 


age  1239 


W/PLUHES  SEPARATION  ON  ORB/ET  AERODYNAHIC  CHARACTERISTICS 


RTJ252) 


B§§§ 

99mm 

jjBining 


^ nm 


CD 

CC 

(/) 


K/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLU(1ES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUHES  SEPARATION  ON  ORB/ET  AEROOYNAHIC  CHARACTERISTICS 


IA13.SRBCS85WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ254) 
parametric  values 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PAGE  1247 


m 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  ON  0RB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


,SRBCS8)WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ256) 


<u 

►-UJ  D 

IHwor 


« o •- 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PASS  1253 


K/PLUNES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


ED  DATA 


W/aU«ES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PA8E  1255 


IA13.SRBCS83WITH  PLUMES  SEPARATING  FROM  09T10 


W/PLUHES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


SR9(S8)WITH  plumes  SEPARATING  FROM  09T10  (RTJ260) 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


W/aUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


«/PLUMES  SEPARATION  ON  0R8/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUflES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


• ilMM 


ACTERISTICS 

PAGE  12SG 


IM3.SRB(S8)WITH  plumes  separating  from  09T10  CRTJ263) 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  0R8/ET  AERODYNAMIC  CHARACTERISTICS 


3,SR8CS8)WITH  plumes  SEPARATING  FROM  09T10  CRTJ2643 


1A13.SR8CS8DWITH  PLUMES  SEPARATING  FROM  09T10  (RTJ2643 


EFFECT  OF  SRB  V/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


SR3(S8)WITH  plumes  separating  from  09T10  CRTJ264D 

parametric  values 


K/PLUHES  SEPARATION 


EFFECT  0F  SRB  W/PLUMES  SEPARATION  ON  0RB/ET  AERODYNAMIC  CHARACTERISTICS 

PAGE  1 275 


VMd'tVO 


W/PLUHES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


LUMES  SEPARATING  FROM  09T10  CRTJ26GD 


W/PLUMES  SEPARATION  ON  0R8/ET  AERODYNAMIC  CHARACTERISTICS 


K/aUMES  SEPARATION  ON  OR8/ET  AEROOTNANIC  CHARACTERISTICS 


W/aUMES  SEPARATION  ON  0R8/ET  AERODYNAMIC  CHARACTERISTICS 


PTI 


W/PLUMES  SEPARATION 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PAGE  1 285 


W/PLUHES  SEPARATION  ON  ORB/ET  AESOOYNANIC  CHARACTERISTICS 


W/auMES  SEPARATION  ON  0RB/ET  AEROOYNANIC  CHARACTERISTICS 


W/PLUMES  SEPARATICIN 


X/aUHES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


AERODYNAMIC  CHARACTERISTICS 


OCIATCO  data 


W/PLUHES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PAGE  1291 


EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


SRB(S8)WITH  plumes  separating  from  09T10 


IA13.SR8CS8)WITH  PLUMES  SEPARATING  FROM  09T10  (RTJ273) 


W/PIUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTIC 


IA13.SRBCS8JWITH  PLUMES  SEPARATING  FROM  09T10  CRTJ273) 


W/PLUMES  SEPARATION 


W/PLUMES  SEPARATION 


W/PLUMES  SEPARATION 


W/PLUMES  SEPARATION 


ATCO  DATA 

ePERENce 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


IM3 


W/PLUHES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


LUMES  SEPARATING  FROM  09T10  CRTJ276) 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


M/PLUMES  SEPARATION 


EFFECT  OF  SRB  K/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 

PAGE 


W/PLUMES  SEPARATION  ON  ORB/ET  AEROOYNAHIC  CHARACTERISTICS 


V/PLlfCS  SEPARATION  ON  OR8/ET  AERODYNAMIC  CHARACTERISTICS 


EFFECT  OF  SR8  K/PLUHES  SEPARATION  ON  0R8/ET  AERODYNAHIC  CHARACTERISTICS 


IA13.SRBCS8DWITH  PLUMES  SEPARATING  FROM  09T10 


M 


z 

EFFECT  OF  SRB  W/PLUMES  SEPARATION  ON  0R8/ET  AERODYNAMIC  CHARACTERISTICS 


U/Pi.U«ES  SEPARATION  ON  OR8/ET  AEROOYNAPIC  CHARACTERISTICS 


SR8CS83W1TH  PLUMES  SEPARATING  FROM  09T10 


IA13#SRBCS8)WITH  PLUMES  SEPARATING  FROM  09TI0  CRTJ281) 


WECT  OF  SR8  W/PLUMES  SEPARATION  ON  0R8/ET  AERODYNAMIC  CHARACTERISTICS 


SRBCS8DWITH  PLUMES  SEPARATING  FROM  09T10 


W/PLUMES  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


EFFECT  8F  SRB  W/PLUHES  SEPARATION  ON  OR8/ET  AEROOYNAHIC  CHARACTERISTICS 


SRBCS8)WITH  plumes  separating  from  09T10  CRTJ282D 
pmiametric  vaiojes 


H/aUfCS  SEPARATION  ON  ORB/ET  AERODYNAMIC  CHARACTERISTICS 


K/PLUHES  SEPARATI0H  ON  0R8/ET  AERflOVRAHIC  CHARACTERISTICS 


IM3.SRBCS0)WITH  plumes  separating  from  09T10  CRTJ283) 


EFFECT  OF  SRB  W/PLUJ1ES  SEPARATION  ON  CRB/ET  AERODYNAMIC  CHARACTERISTICS 


W/PLUHES  SEPARATION  ON  ORB/ET  AEROOYNAHIC  CHARACTERISTICS 


SRBCS8DWITH  PLUMES  SEPARATING  FROM  09T10  CRTJ3003 


i§i§ 
• • • • 

= I 


|$l§§ 

I'*' 


i.SRB(S8)WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ300D 

PARAMETRIC  VALUES 


SRB  V/PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


SRB  W/PLUHES  AER0OYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


K/PLWeS  AEROOYNANIC  CHARACTERISTICS  DURING  SEPARATION  FROM  0R8/ET 


0D0<1 


SRB  W/PLlffiES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ lT 


IA13.SR8CS8)WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ303) 


W/PLUMES  AERDOYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROH  0R8/ET 


V/PIUNES  AEROOVNAHIC  CHARACTERISTICS 


5R8(S8)WITH  plumes  separating  FROM  09T10  CRTJ30S) 


V/PLUMES  AEROOYNAHtC  CHARACTERISTICS  DURING  SEPARATION  FROH  0R8/ET 


I.SRBCS8)WITH  plumes  separating  from  09T10  CRTJ306) 


IM3.SRBCS8JWITH  PLUMES  SEPARATING  FROM  09T10  CRTJ306) 
parametric  values 


ono< 


SRB  W/PLUMES  AEROOYNMIlC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


K/PLUHES  AERBOYNAHIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


.SRBCS8)WITH  plumes  separating  from  09T10  (RTJ308) 


W/PLUHES  AER0OYNAHIC  CHARACTERISTICS 


K/PLUMES  AERUOYNAMIC  CHARACTERISTICS 


SRB  W/PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 
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V/PimES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORS/ET 


W/PLUHES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


SR8(S8)WITH  PLUMES  SEPARATING  PROH  09TI0  (RTJ3I2) 


V/PLUNES  AEROOYNAmC  CHARACTERISTICS  DURING  SEPARATION  FRON  ORB/ET 


W/PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


SRB  W/PLUHES  AEROOYNAHIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/PLUHES  AERBOYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


K/aUHES  AEROOYNAHIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/aiffCS  AERflOYNAK::  CHARACTERISTICS  DURING  SEPARATION  FROM  0R8/ET 


W/aUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


AEROOYNAHIC  CHARACTERISTICS  DURING  SEPARATIflN  FROM  ORB/ET 


SRB  W/PLUMES  AERBOYNAHIC  CHARACTERISTICS  DURING  SEPARATION  FROM  OR8/ET 


K/PLUMES  AER00YNM1IC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 
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SEPARATION  FROM  ORB/ET 


W/aUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/PLUHES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


IM3.SRBCS8)*fITH  PLUMES  SEPARAT ING  FROM  09T10  CRTJ319) 


SRB  W/PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/PLUfiES  AEROOYNAHIC  CHARACTERISTICS  DURING  SEPARATION 


IA13 


W/PLUI€S  AEROOYNAHIC  CHARACTERISTICS  DURING  SEPARATION  FROM  0RB/ET 


W/PLUHES  AERODYNAMIC  CHARACTERISTICS 


SR8  W/PLU«S  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


3»SRBCS8)WITH  plumes  SEPARATING  FROM  09T10  CRTJ360) 


AER0OYNAHIC  CHARACTERISTICS  0UR1N6  SEPARATION  FROM  ORB/ET 


W/aUMES  AERODYNAMIC  CHARACTERISTICS 


IA13.SR8CS83WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ362D 


W/PLUHES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/aUMES  AEROOYNAHIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


IA13.SRBCS8)WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ363) 


W/PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 
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SRB  W/aUflES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/PLUMES  AERODYNAMIC  CHARACTERISTICS 


W/PLUHES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION 


AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  PROM  0R8/ET 
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W/PLUHES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/PLUHES  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  AER0DYNAHIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


VIVO  031V I 


W/PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  0R8/ET 

PAGE  1390 


.SRBrSSJWiTH  plumes  separating  from  09T10  (RTJ369) 
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W/aUf€S  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 

PAGE  1393 


W/PLUMES  AEROOYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


IM3.SR8CS8)WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ37U 


SRB  W/PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 

PAGE 


W/PLUMES  AEROOYNUHIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/PLUMES  AERODYNAMIC  CHARACTERISTICS 


W/PLUHES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


A13»SRBCS85WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ432D 


IA13.SRBCS83WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ4323 


SRB  W/PLUMES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


K/PLUHES  AER0OYNAHIC  CHARACTERISTICS  DURING  SEPARATION  FROH  Cl»/ET 


SRBCS83WITH  PLUMES  SEPARATING  FROM  09T10  (RTJ433) 


W/PLUHES  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  0R8/ET 


W/aUMES  AEROOYNAHIC  CHARACTERISTICS  DURING  SEPARATION  FROH  ORB/ET 


W/PLUMES  AERBOYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


K/PllWES  AEROOYNAHIC  CHARACTERISTICS 


SR8(S8]HtTH  PLUMES  SEPARATING  PROM  OSTIO  (R^J43S) 


K/PLUHES  AEROOVNAHIC  CHARACTERISTICS 


W/PLUJCS  AERODYNAMIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/PLUMES  AERODYNAMIC  CHARACTERISTICS 


W/PLUMES  AEROOYNAHIC  CHARACTERISTICS 


AER0OYNAHSC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


W/PLUNES  AEROOYNAHIC  CHARACTERISTICS 


W/PLUHES  AEROOYNMIIC  CHARACTERISTICS  DURING  SEPARATION  FROM  ORB/ET 


SRBCS8)WITH  PLUMES  SEPARATING  FROM  09T10  CRTJ4395 
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